Heterogeneous Networks (HetNets) are introduced by the 3GPP as an emerging technology to provide high network coverage and capacity. The HetNets are the combination of multilayer networks such as macrocell, small cell (picocell and femtocell)
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Introduction
As increasing the number of mobile devices such as smart phones, tablets, and other media devices, the demand for the massive data traffic has been increased. Overall mobile traffic is forecasted to reach 15.9 exabyte per month by 2018, approximately 11 times as much as it was in 2013, according to "Cisco Visual Networking Index:
Global Mobile Data Traffic Forecast Update, 2013-2018" [1] . Mobile data traffic will increased at a compound annual growth rate (CAGR) of 61 percent from 2013 to 2018 as shown in Fig. 1.1 . In order to meet the demand for data traffic, Third Generation Partnership Project (3GPP) Long Term Evolution-Advanced (LTE-A) has introduced the Heterogeneous Network (HetNet) [5, 6] .
LTE based on Orthogonal Frequency Division Multiple Access (OFDMA) is introduced to provide high spectrum efficiency, low latency, and high peak data rates in 2018 [1] 2009 as part of the 3GPP Release 8 and 9 specifications [7] . LTE was extended to improve the network performance and capacity by introducing the LTE-A in Release 10 and 11 specifications [5, 8, 9] . LTE-A includes uplink and downlink multi-antena (MIMO) technologes, coordinated multi-cell transmission and reception (CoMP), bandwidth extension with carrier aggregation (CA), relay nodes (RN) and heterogeneous networks (HetNets). The MIMO, CoMP, and CA techniques can help improve network performance in some ways, but not offer significant enhancements. HetNet is a key solution in LTE-A to enable the network to reach the theory capacity limits by increasing the quality of the link caused by small distance between users and serving base station.
Currently, the wireless cellular networks consist of only macro base station to serve all users called homogenous networks. In such networks, all macro base stations have same characteristics such as transmission power, antenna patterns, noise parameters, propagation model, and connect each other through similar backhaul connectivity.
The users under the coverage of serving macro base station may experience interference from neighbor macro base station. Hence, the location of macro base station are carefully studied before real deployment, and each macro base stations are optimally configured to maximize the network coverage and limit the interference between each other. Due to the requirement of high data traffic, the number of macro base station to be deployed becomes larger that leads to the cost of network services and the difficulty of deployment in some specific geography. Hence, HetNets were introduced as an flexible, low-cost, efficient solution to increase the area network capacity and coverage.
HetNet consists of multiple types of access nodes in wireless network such as macro cell and small cells (i.e micro cells, pico cells, and femto cells). Small cells are deployed
underlaid of macro cell in order to improve spectral efficiency per unit area and per link. The macrocell is responsible for providing the overall cellular network coverage.
The macro base station is expected as a largest base station with maximum transmit power of 46 dBm, called Macro evolved NodeB (MeNB) in LTE/LTE-A system. The microcells are known as a small macro cell which are used to provide the network coverage in cases where the footprint of a macrocell is not necessary.
Pico cells provide the coverage and capacity in some areas inside the macro cell. Pico cells are lower-power station than macrocells with transmit power from 23 dBm to 30 dBm. They are deployed indoor or outdoor serving a few tens of users within a range of 300 meter or less. Pico cells are prefer to provide the public area such as transport station, shopping center.
Femto cells are designed for offering network services inside apartment and office, and the femto-cell are prefer to work at Closed-Access Mode in which only allows the caused by the penetration losses through walls will degrade the performance of indoor date access, the deployment of small cell inside house can enhance the link capacity by reducing the transmission distance. The future mobile data traffic is forecasted that data access of smart devices will majorly generate indoor as shown in Fig.1 .2.
Femto-cells are denoted as Home evolved NodeBs (HeNBs) placed inside house are low-cost, low-power consumption, short-range, plug-and-play base stations. Femtocells are represented for the small cells in near future.
Thus, the advantage of the deployment of small cells is to the decrease in the transmission range between the sender and the receiver, which in turn enables the mobile subscriber to use the network services with high data speed at anywhere. The specification of small cell node is summarized in ABSF technique is simple but efficient solution, the number of sub-frames is carefully chosen that can reach the optimal network performance. Unlike the previous work, in this paper, we consider the number of ABSF based on the quality of service (QoS) of the macro users. We also propose for setting the muted sub-frames efficiently based on cooperation between the mutual interfering HeNBs.
Related Work
The research on eICIC technique has been studied in recent years for both macro-pico and macro-femtocell network [13, 14] . In [15] , the authors explain the benefits and characteristics of the enhanced inter-cell interference coordination (eICIC) technique.
In macro-pico cell network, the range extension (RE) and time domain eICIC are used in pico-cell side, then the performance results are shown the recommended settings of the RE offset and the muting ratio in different scenarios in [16, 17] . In [18] , the authors propose a resource allocation scheme for eICIC in HetNets. The result of this paper shows the performance of using ABSF and UE partition scheme in which a fixed ABSF is set under each UE partitioning, and new ABSF pattern is selected for next time for all eNBs.
In macro-femto cell network scenario, in [19] the authors also provide the performance of eICIC technique in HetNets with fixed muted rate. In [20] , the authors propose an ABSF offset and resource partition, in which the number of ABSF is derived depends on the number of victim macro user and total macro user. Another paper finding the optimal number of ABSF is presented in [21] . The result shows that in most case the number of muted sub-frames depends on the number of victim macro user, the number of normal macro user, and the femtocell user, and the muted rate is set globally for all eNBs. In [22] , the authors derive the number of ABSF in both macro-pico and macro-femto scenario for HetNets. In this paper, the HetNet scenario is modeled using stochastis geometry and required number of ABSFs is formulated based on base station placement statistics and user throughput requirement. The number of ABSF is set globally for all eNBs, it seems to be not work well in macrofemto cell network environment.
Contribution
Resource allocation task is to distribute the radio resources among users with a limited transmit power, a specific time slot, and an exact frequency. The resource allocation is well organized, all users can have a good portion of resource to use that leads to reach a better performance of overall networks. In this paper, our goal is to develop an efficient ABSF framework in order to manage the interference downlink for
HetNets [23] . To do that, we develop an algorithm based on the enhanced inter-cell interference (eICIC) technique in time-domain in order to mitigate the interference and enhance the overall network performance. The proposed algorithm includes two mechanisms: the first one is to select a dynamically optimal number of ABSF based on the quality of service of macro user, each HeNB works at different ABSF mode.
The second one is to group HeNBs into a coalition in order to set the muted subframes among mutual interfering HeNBs efficiently.
The rest of this paper is organized as follows. Chapter 2 describes the system model and problem. Chaper 3 introduces the proposed algorithm for setting the number of ABSF required for MUEs and HeNBs and a framework for cooperation among interfering HeNBs. In Chaper 4, we show the simulation results to demonstrate the performance of our proposal. We conclude the paper in Chaper 5.
Chapter 2
System Model and Problem
System Model
We consider the downlink (DL) of Heterogeneous Cellular Networks (HetNets) as depicted in Fig The maximum transmission power of HeNB is 20 dBm.
We assume that HeNBs work at Closed Access Mode, HeNBs do not allow MUEs to connect. If a MUE serving by the MeNB is located nearby a HeNB, it experiences high interference from nearby HeNB, then the desired signal from MeNB to MUE becomes weak. From now on, we denote the MUE that affected by nearby HeNB 
Problem Definition
In this paper, we consider the heterogeneous network, which consists of macrocell network layer and femtocell network layer. When a macro user MUE is close to a femtocel access point HeNB, called victim MUE, the received signal from the macro base station (MeNB) to the MUE may interfere with the received signal from the HeNB. Hence, the victim MUE may not successfully decode and receive the signal from its serving macro base station MeNB. The 3GPP release 10 has proposed the eICIC techniques to improve the downlink capacity [11] . Almost Blank SubFrame (ABSF) is one of the time-domain technique of the eICIC, in which the HeNB will stop using some subframes to enable the victim MUE to exchange the data with its serving base station continuously until the downlink interference is diminished. The eICIC techniques will maintain the performance of the macro user in the present of femtocells. However, when the HeNB stops using the resources, the femtocell users belong to the HeNB can not use the downlink from the HeNB that leads to degrade the femtocell performance.
The blanking rate at HeNB helps improve the macro user performance, but affects the femto user performance degradation. The 3GPP has proposed the eICIC ABSF mechanism to enhance the network performance with a fixed blanking rate [10] , the performance of the proposal is evaluated in [19] . In [20, 21, 22] , the authors presented an optimal ABSFs but fixed for all HeNBs. Since, the HeNB is located at difference place in the network coverage, it has an unique characteristics as illustrated in Fig.2 .1. For example, the present of HeNB-0 does not influence any macro user MUE; in contrast, others HeNB-1, HeNB-2, HeNB-3 create a downlink interference to surrounded macro users MUEs. Hence, the ABSFs for each HeNB should be optimal and difference in order to utilize the network resource effectively.
In this paper, we propose a downlink packet scheduling for Macro/ Femto-cell network to maximum the femto-cell throughput while maintaining the macro performance.
We propose an approach to dynamically select the optimal ABSF pattern based on the Quality of Service (QoS) requirement of victim MUEs in each aggressor HeNB.
Path Loss Model
In this paper, we assume the path loss model according to the urban deployment scenario [24] . The path loss is modeled at different types of links depending on the position and type of users. We consider two kinds of links: the downlink between serving MeNB and MUE and the downlink between interfering HeNB and MUE. The path loss between the serving MeNB and MUE can be expressed in Table 2 .1, where D is the distance between MeNB and MUE in meter, and L ow is the penetration loss of an outdoor wall, which is 10 dB or 20 dB.
The path loss between the interfering HeNB and MUE can be expressed in Table 2 .2, where d is the distance between HeNB and MUE in meter.
After calculating L, the shadowing model is considered, all links will take into account for shadowing model by adding log-normally distributed shadowing with standard deviation of 10 dB or 8 dB for links between MeNB and MUE, HeNB and MUE, respectively.
Interference Model
Due to the deployment of small networks, the HetNets now consist of two-layers, the first layer is the macro cell network, while the second layer is the small cell network.
In order to use the spectrum resource effectively and achieve high network capacity, the macro cell and small cell network share the same frequency bands. This situation brings a problem of interference management. The interference can be divided into two types: co-layer interference and cross-layer interference in [25] .
The co-layer interference occurs when the network devices interfere each other in the same layer. For example, in small cell layer, the deployment of femtocell is random and mass, as they are close to each other in apartments. There is a possible way of power leaks through windows, doors, and balconies that leads to the interference among the neighboring femtocells. The second type of interference is cross-layer interference caused by the network devices that belong to different layer of network. The femtocell base stations are usually deployed by the end users their home, apartment, or office. The owners prefer the femtocell base stations work at the closed-access mode that only allows the registered-subscriber to access the service offered by that femtocells base stations. At the same time, the femtocell base stations create the coverage hole inside the coverage of macro cell network. Hence, the femtocell base stations can cause interference to the downlink of macro user nearby. In this paper, our interest is to cope with the cross-layer interference, we address the problem of downlink interference to improve the overall network performance.
In HetNets, each cell consists of a macro base station (MeNB) serving M macro users (MUEs). F small cell base stations (HeNBs) are randomly inserted inside the coverage of MeNB, each HeNB F f works at closed access mode that only allows one small cell user (FUE) to connect. To reach the peak data rate, all network nodes will use all bandwidths. Then the downlink signal from MeNB to MUEs interferes with the downlink signal from nearby HeNB to that MUEs as depicted in Fig. 2.1 .
The signal-to-interference-and-noise ratio (SINR) γ m at link L m between the MeNB and the macro user MUE m is defined as
where σ m is the thermal noise at macro user m. Let denote P (m) and P (F f ) to be the transmission power of MeNB and HeNB, respectively, G(M, m) is the path gain between the macro base station MeNB and macro user m, and η m is the sum of interference and noise at macro user m.
Let denote L to be the set of links from the MeNB to their serving MUEs, L =
To ensure the quality of signal from MeNB to each user MUE, each link m has a minimum requirement in terms of SINR, i.e γ m ≥ γ 0 . The minimum SINR requirements can be rewritten in matrix form as
where
, and F is a non-square matrix with M × F elements that can be defined as
If the value of element F(m, f ) is non-zero, this means that the HeNB F f creates a downlink interference to the corresponding MUE m. The MeNB can determine the interfering HeNBs to the victim MUEs, and then ask the interfering HeNBs to work at the ABSF mode. The ABSF mode will be described later.
Overview of eICIC techniques
As mentioned above, the eICIC techniques have been discussed in RAN1 focusing reduce its downlink interference to the users. A summary of description of candidate eICIC is discussed in [11] .
In power control approach, the power allocation can be determined based on some strategies such as the strongest receiving power of MeNB at the Femto, the pathloss between Femto base station and macro user MUE, the objective SINR of HUE, and the objective SINR of MUE. In frequency-domain solution, reduced bandwidth for control channels and physical signal, such that the control channels and physical signals can be totally orthogonal to those in another layer.
In time-domain solution, some sub-frames called Almost Blank Sub-Frames (ABSFs) are muted at the interfering HeNBs, then the MeNB can schedule its downlink to the victim MUE in order to recover the signal quality of its user as shown in Fig. 2 .2.
The use of ABSF can help MUE recover its performance due to the strong downlink interference of HeNBs, in another side, the performance of the FUE serving by the interfering HeNB is reduced. Hence, the selection of number of sub-frames and which and when HeNB should start to mute are crucial in eICIC ABSF approach. 2.6 Overview of LTE Frame Structure LTE [4] employs OFDMA to allocate the radio resources for downlink transmission.
Users are allocated a specific number of sub-carriers for a predetermined amount of time called physical resource blocks (PRBs) in the LTE specifications. In order to explain the OFDMA, the LTE frame structure is studied.
As shown in Fig. 2 .3, each radio frame is divided into 10 sub-frames with 1 millisecond length of time. Each sub-frame is future divided into two time slots, each of 0.5 millisecond duration. Slots consist of either 6 or 7 OFDMA symbols, depending on whether the normal of extended cyclic prefix is used.
The total number of available sub-carriers varies according to the overall transmission bandwidth system used. For example, the total bandwidth is varying from 1.25 MHz to 20 MHz, then the number of available resource block is increasing from 6 to 100 resource blocks. Each resource block (RB) is defined as consisting of 12 consecutive sub-carriers for one time slot in duration called resource element with 15 kHz of bandwidth. Each PRB is smallest element of radio resource, each user is assigned to a specific PRB for their uplink or downlink transmission.
Let N S , N RB denote the number of sub-frames for each radio frame and the number of resource blocks in LTE downlink structure as displayed in Fig.2.3 , respectively.
Chapter 3 Proposed Algorithm
In this section, we propose an algorithm to select dynamically optimal ABSFs for each HeNB, and to group the interfering HeNB into coalition in order to decide which and where subframes should be muted by the interfering HeNB in each coalition.
The muted rate at each HeNB is selected as minimum as possible to enhance the performance of the femtocell users while satisfies the QoS of the macro users. Our proposed algorithm firstly determine the required muted rate for each VMUE via ABSF selection mechanism. By applying the second mechanism called Interfering HeNBs Coaliation, the aggressor HeNBs are grouped into coalition, each aggressor HeNB with a different muted rate and a time slot has to stop their transmission on time.
ABSF Selection
When the HeNB is marked as an aggressor HeNB, it will stop using some subframes to limit its interference to the victim MUE. Then the SINR γ m at link L m between 
where α m is the muted rate required for macro user m during one radio frame. Our objective is to find the muted rate in order to satisfy the required minimum SINR of the victim MUE.
where A = F P F , and B = P F − P M + b. The operation here is used to said that element-wise operation for each α m .
Since A is a non-square matrix, a solution to problem
The aggressor HeNB may be asked to work with different muted rates for different macro users. Hence, to satisfy all victim macro users MUEs belonging to the aggressor HeNB F f , the muted rate for the HeNB 
Interfering HeNBs Coaliation
In urban dense small-cell network, the number of macro users and small-cell base stations becomes extremely larger and uncontrollable. In order to reduce interference in this scenario, the neighbor small-cell base stations should form into a group or a coalition, where two or more small-cell base stations create a downlink interference to the same macro users. The interfering small-cell base stations in that coalition should be muted at the same sub-frames in order to reduce the downlink interference
efficiently. An example is illustrated in Fig.3 .1, the VMUE-4 affected by two neighbor HeNBs 1 and 2, if the HeNB-1 mutes at sub-frame s 1 and the HeNB-2 mutes at subframe s 2 , then during the sub-frames s 1 and s 2 the victim MUE still affected by either HeNB-2 or HeNB-1. Hence, a VMUE is be affected by multiple HeNBs in the coalition, the group of that HeNBs has to stop their data transmission at the same sub-frames in order to reduce the interference efficiently and increase overall Quality of Experience (QoE).
The deployment of small-cell base stations is unplanned and massive, the network operator will face how to manage the radio resources and the interference between the macro base stations and the small-cell base stations. Hence, the small-cells should be self-organization and self-configuration to form cooperative groups via X2 interface.
To do so, firstly the number of VMUEs affected by each HeNB will be listed. Then, based on the VMUEs list, the aggressor HeNBs can cooperate to form coalition. To collect the VMUEs that affected by an aggressor HeNB, the process is performed as follows. If the SINR of the macro user m, γ m , is less than the threshold SINR, γ 0 , then the macro user m is marked as a VMUE. Each MUE can determine its status and report back to the serving MeNB by computing the matrix F(m, f ), each value in each row (MUE) maps to a corresponding column (HeNBs). If the value is non-zero, the corresponding HeNB will be marked as an aggressor HeNBs. We now obtain the list of aggressor HeNBs that affects each VMUE. Any aggressor HeNB affects VMUE, it will insert the VMUE into its set of affected VMUEs. The operation of the VMUEs collecting process is listed in Algorithm 3.2. The whole process is performed by the MeNB, then the MeNB will send the set of VMUEs of each aggressor HeNB to corresponding aggressor HeNBs. At the beginning, the first aggressor HeNB checks its name in a set of aggressor HeNBs of each VMUE v n , if it appears, the aggressor HeNB inserts the VMUE v n into its affected list. The loop will perform until the last aggressor HeNB.
To group the mutual interfering HeNBs coalition, the aggressor HeNBs cooperate to find which aggressor HeNB is grouped into a coalition as illustrated in Algorithm 3.2.
The main idea of Algorithm 3.2 is that neighbor HeNBs exchange their information
Algorithm 1
The VMUEs Collecting Algorithm V: the set of all victim MUEs V = {v 1 , v 2 , ..., v N } A n : the set of aggressor HeNBs affected VMUE v n Find the set of VMUEs affected by an aggressor HeNB F f :
have same VMUEs, they are grouped into a coalition, each aggressor HeNBs can only belong to one coalition. If two coalitions have same HeNB, they will joint together as one coalition.
Algorithm 2 The Mutual Interfering HeNBs Grouping Algorithm
H f : the set of VMUEs affected by an aggressor HeNB F f f lag f : a flag associated with H f . H f is grouped, f lag f = 1, if not f lag f = 0 C c : the set of VMUEs affected by a group of mutual interfering HeNBs G c : the set of mutual interfering HeNBs
After applying Algorithm 3.2 and 3.2, the smallcell networks are partitioned into coalitions. The details of our proposed scheme is shown in Fig.3.2 . Firstly, the VMUEs are marked via the channel-quality indicator (CQI) if the SINR of VMUEs is low, then each VMUE v n estimates the required muted rate α m for itself. Each VMUE v n reports the set of aggressor HeNB A n affecting its downlink to the MeNB. We estimate analytically the dynamically optimal number of ABSF required for a macro user MUE in the multi users scenario. Since the SINR of MUE highly depends on the location between itself and MeNB or HeNB, after setting the scenario, the The system scenario assumption and parameter are set up based on Monte-Carlo simulation [26] . The parameter settings are summarized in Table 4 .1. The requirement of the SINR threshold is either -6 dB or -4 dB, in this paper we assume the threshold SINR of MUE, γ 0 , is set to 0 dB.
The SINR of all MUEs are collected and averaged for each step.
Step here is defined as each time the distance between MUE and HeNBs is randomly gradual increased with the goal of decreasing the impact of interference. The number of steps is larger, this means that the distance between MUE and HeNB is larger. Hence, after a certain We derive the muted rate required for the MUE as shown in Fig.4 .1. The number of ABSF required for the MUE can be calculated by multiplying the muted rate and the number of sub-frames in each radio frame. The result show that the muted rate becomes zero when the MUE is far away HeNBs, the number of ABSF required is changing time by time. Hence, if ABSF pattern is set to a fixed value, the demand of the MUE may be higher or lower than the fixed value. A dynamically optimal muted rate is the best solution for eICIC technique in time domain.
In Fig.4 .2, the SINR of the MUE is reported as the lowest bound. As increasing the distance between the MUE and the HeNBs, the SINR of the MUE increases.
Because the MUE is located far way the HeNBs, the impact of downlink interference from HeNBs is decreased, the desired signal from MeNB becomes good. When the distance between MUE and HeNBs is greater than a threshold distance, the impact of downlink interference on the desired signal of MUE can be tolerated. The optimal The optimal SINR of the MUE after using eICIC SINR of the MUE of our proposal and previous work are also shown in Fig.4 .2 after apply the muted rate for all HeNBs in order to recover the performance of the MUE in the present of HeNBs. As can be seen in in Fig.4 .2, when ABSF mode is used, the performance of MUE is much better than without using ABSF mode.
The SINR gain of the MUE is shown in Fig.4.3 defined as the different between the SINR of MUE before and after applying the ABSF mode. Our proposal can adapt well adapt to the change of the impact of interference, while the ABSF pattern with fixed blanking rate may recover the performance of the MUE when the SINR of the MUE is low, but when the SINR of the MUE is high, the high blanking rate is harmful to the performance of the femtocells.
We compare our proposed algorithm with previous work in terms of throughput. In Fig. 4 .4, the throughput of macro users is reported. At the beginning steps, our proposed algorithm outperforms the previous work in th. As the number of steps increases, the performance of our proposed algorithm is lower than that of previous work. In contrast, in Fig. 4 .5, at the beginning steps, the throughput performance of The achieved SINR of the MUE after using eICIC femtocell users of our proposed algorithm is less than that of previous work. Then the performance of femtocell users are recovered as number of steps increases. The reason is that at the beginning steps, when the MUEs locate near HeNBs, they require high muted rate at HeNBs, then the throughput of macro uses is good, but the throughput performance of femtocell users is poor. In the contrast, when the MUEs locate far away from the HeNBs, they require low muted rate, then the performance of the MUEs is smaller than that of previous work. In this time, the performance of femtocell users is good.
Figure. 4.6 shows the outage probability of macro users. The outage probability is defined as the ratio of number of unsatisfied macro users to total number of macro users. Our proposed algorithm is developed in order to satisfy the QoS of all macro users, there are no macro users that having their SINR less than the SINR threshold.
In contrast, the previous work with fixed muted rate can not meet the QoS of macro users all cases even the high muted rate. Hence, our proposed algorithm outperforms the previous work. This paper proposes a dynamically optimal ABSF eICIC framework in order to mitigate the impact of cross-layer interference in HetNets. Unlike previous work, the number of ABSF depends on the number of victim macro users, total number of macro users and femtocell users, and the number of ABSF is globally set for all HeNBs. In this paper, the number of ABSF is derived based on the QoS of each macro user MUE, and then based on the required muted rate for each MUE we can set a dynamically optimal blanking rate for each HeNB. Obviously, each HeNB owns a unique characteristic, then each HeNB has to decide its own muted rate as a local and distributed way. Due to the mutual interference among HeNBs, HeNB should cooperate to manage the resource allocation. We also propose a coalition algorithm to help HeNBs perform the ABSF framework efficiently. Via simulation, we show that our proposed algorithm outperforms the previous work.
Publications
[27] We propose a mobility-assisted on-demand routing algorithm for mobile ad hoc networks in the presence of location errors. Location awareness enables mobile nodes to predict their mobility and enhances routing performance by estimating link duration and selecting reliable routes. However, measured locations intrinsically include errors in measurement. Such errors degrade mobility prediction and have been ignored in previous work. To mitigate the impact of location errors on routing, we propose an on-demand routing algorithm taking into account location errors. To that end, we adopt the Kalman filter to estimate accurate locations and consider route confidence in discovering routes. Via simulations, we compare our algorithm and previous algorithms in various environments. Our proposed mobility prediction is robust to the location errors. 
